A novel Gram-stain-positive, obligately anaerobic and thermophilic bacterium, strain SYSU GA15001
physiologically and phylogenetically distinguishable from its closely related genera, and merits assignment as representing the type species of a new genus Rhabdanaerobium, with the name Rhabdanaerobium thermarum gen. nov., sp. nov. The type strain of the type species is SYSU GA15001 T (=CGMCC 1.5219 T =KCTC 15623 T ).
During an investigation of the thermophilic anaerobic bacterial communities in hot springs of Tengchong county, Yunnan province, south-west China, a novel strain designated SYSU GA15001 T was isolated from a sample comprising a water-sludge mixture. The sample was collected from Diretiyanqu hot spring (24 57¢ 14 † N 98 26¢ 18 † E), a site which we have earlier used for the study of thermophilic actinobacterial diversity [1] . During the sampling period, the temperature and pH of the site were 49.4 C and 2.44, respectively. Preliminary analysis of the 16S rRNA gene sequence of strain SYSU GA15001
T indicated it to be closely related to members of the family Eubacteriaceae. At the time of writing, the family Eubacteriaceae comprised the following genera: Eubacterium (type genus), Acetobacterium, Alkalibacter, Alkalibaculum, Aminicella, Anaerofustis, Garciella, 'Irregularibacter' and Pseudoramibacter. The phylogenetic and phenotypic analyses conducted in this study indicated that strain SYSU GA15001 T merits recognition as representing a novel species of a new genus in the family Eubacteriaceae.
Samples for this study were collected in sterile Hungate tubes, transported to the laboratory in an icebox and stored at 4 C. Isolation of the anaerobic bacteria was done in a synthetic medium containing (per litre distilled water) 1 g NH 4 Cl, 0.3 g K 2 HPO 4 Á3H 2 O, 0.3 g KH 2 PO 4 , 0.5 g MgCl 2 Á6H 2 O, 2 g NaCl, 0.2 g KCl, 0.05 g CaCl 2 , 10 ml trace element [2] , 0.5 g cysteineÁHCl, 1 g yeast extract, 2 g tryptone, 10 g starch, 2 g NaHCO 3 , 5 g sodium thiosulphate, 0.5 g Na 2 SÁ9H 2 O, 0.5 g cysteine, 1 mg resazurin and 18 g agar (the pH was adjusted to 7.0). Na 2 SÁ9H 2 O, NaHCO 3 and sodium thiosulphate were added from sterile stock solutions. The medium was prepared under anaerobic conditions in an anaerobic workstation (Don Whitley Scientific A45) containing a gas phase of N 2 /H 2 /CO 2 (80 : 10 : 10 %, by vol.). Samples (1 g) were homogenized and serially diluted in sterile water solution to 10
À3
. Aliquots (100 µl) were then spread plated onto the isolation plates and incubated anaerobically at 45 C for 7 days. Colonies were repeatedly subcultured onto reinforced clostridial medium (RCM; Difco) at 45
C to obtain pure cultures. Strain SYSU GA15001
T obtained during this isolation was routinely cultivated on RCM. The strain was stored as glycerol suspensions (20 %, v/v) supplemented with cysteine (0.05 %) and Na 2 SÁ9H 2 O (0.05 %) at À80 C for further use.
The Gram reaction was checked by the standard Gram staining procedure and was verified by the non-staining KOH test [3] . Morphological features of strain SYSU GA15001 T were observed by using transmission electron microscopy (JSM-6330F; JEOL). Formation of spores was monitored by phase-contrast microscopy on cells cultured on RCM agar at 45 C for up to 7 days. Growth at different temperatures (5, 10, 15, 20, 25, 30, 35, 40, 45, 50, 55 and 60 C) and NaCl tolerance at various concentrations (0-5.5 %, w/v, at intervals of 0.5 %) was determined on RCM agar medium. The pH range (4.0-10.0, at intervals of 1.0 pH unit) for growth was tested in RCM broth medium by using the buffer system described by Xu et al. [4] . Substrate utilization was tested on the isolation medium by replacing the carbon and nitrogen sources with the tested substrate at a concentration of 0.5 %. Complex substrates (beef extract, peptone, starch, tryptone and yeast extract) were also tested to see if they (0.5 %) were able to support growth of the strain as either sole carbon or nitrogen sources. Oxidase activity was determined by the oxidation of tetramethyl-p-phenylenediamine [5] . Catalase activity was analysed by assessing the production of bubbles on addition of a drop of 3 % (v/v) H 2 O 2 . Other enzyme activities and biochemical characteristics were determined using API 20A and API Rapid 32A (bio-M erieux) test kits according to the manufacturer's instructions. The susceptibility of strain SYSU GA15001
T to antibiotics was investigated by the agar-diffusion method using 0.5 McFarland bacterial suspensions plated onto RCM agar for 2 days at 45 C. To test for electron acceptors, sodium thiosulphate (20 mM), sodium nitrate (10 mM), sodium nitrite (5 mM) and sodium sulphate (20 mM) were added individually to the medium (1 g NH 4 Cl, 0.3 g K 2 HPO 4 Á3H 2 O, 0.3 g KH 2 PO 4, 0.5 g MgCl 2 Á6H 2 O, 2 g NaCl, 0.2 g KCl, 0.05 g CaCl 2 , 10 ml trace element, 1 g yeast extract, 2 g tryptone, 10 g starch, 2 g NaHCO 3 , distilled water 1000 ml; pH 7.2-7.4).
Polar lipids were extracted as described by Minnikin et al. [6] and identified by two-dimensional TLC [7] . Cellular fatty acid methyl ester (FAME) profiles were determined by GC (7890B; Agilent) according to the standard protocol of the Microbial Identification System (Sherlock Version 6.2; MIDI database: SANAER6). Cells for cellular fatty acid analysis were harvested from cultures grown on RCM agar for 48 h at 45 C. The G+C content of the genomic DNA was determined by using reversed-phase HPLC [8] with Escherichia coli DH5a as the reference strain.
Genomic DNA was extracted and the 16S rRNA gene was amplified using our previously standardized protocol [9] .
The amplified product was purified, cloned and sequenced [1] . The cloned sequences were quality-checked and assembled using Seqman version 5.0 and the vector sequences were removed with the VecScreen program of the NCBI (http://www.ncbi.nlm.nih.gov/tools/vecscreen/). The sequences were then compared with available 16S rRNA gene sequences of cultured species from the EzBioCloud server (http://ezbiocloud.net/) [10] and NCBI nucleotide database via BLAST searches [11] . Sequence data were aligned using CLUSTAL X version 1.83 [12] . The neighbour-joining [13] , maximum-likelihood [14] and maximum-parsimony [15] methods in MEGA version 7.0 [16] were used to generate the phylogenetic trees. Kimura's two parameter model [17] was used to calculate evolutionary distance matrices of the neighbour-joining phylogenetic tree. Confidence in the tree topology was determined by using 1000 bootstrap resamplings [18] . Oxobacter pfennigii DSM 3222 T (X77838) was used as the outgroup.
Strain SYSU GA15001
T was Gram-stain-positive, sporeforming and obligately anaerobic. Transmission electron microscopy showed that cells of strain SYSU GA15001 T were rod-shaped, measuring 0.4-0.6Â1.5-4.6 µm in diameter (Fig. S1 , available with the online Supplementary Material). Growth was observed at 25-55 C (optimum temperature, 45 C), at pH 6-8 (optimum pH, 7) and in the presence of 0.5-5.0 % (w/v) NaCl (optimum concentration, 1.5 %). Activities of catalase and oxidase were negative. Apart from several substrates that were utilized as sole carbon/nitrogen sources (see the species description), strain SYSU GA15001
T utilized the following complex substrates: beef extract, peptone, starch and yeast extract as sole carbon sources, and yeast extract as sole nitrogen source; tryptone was not utilized as either a sole carbon or nitrogen source. Strain SYSU GA15001
T was resistant to novobiocin (5 µg) and streptomycin (10 µg), but sensitive to amikacin (30 µg), chloramphenicol (30 µg), ciprofloxacin (5 µg), kanamycin (30 µg), netilmicin (30 µg), penicillin G (10 IU), polymyxin B (300 U), tetracycline (30 µg), tobramycin (10 µg) and vancomycin (30 µg). Differential characteristics between strain SYSU GA15001 T and the closely related type strains are listed in Table 1 , while the detailed characteristics of the strain are given in the genus and species descriptions.
The polar lipid profile of strain SYSU GA15001
T consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, an unidentified polar lipid, two unidentified phospholipids and an unidentified glycolipid (Fig. S2) . The major fatty acids contributing more than 10 % to the total in strain SYSU GA15001 T were C 14 : 0 FAME, anteiso-C 15 : 0 FAME and C 18 : 0 FAME, which is a different profile from those of the related type strains ( Table 1 ). The G+C content of strain SYSU GA15001
T was 35.6 mol%.
The almost-complete 16S rRNA gene sequence of strain SYSU GA15001 T was submitted to GenBank under accession number KR054687. Sequence analysis of the 16S rRNA gene of the strain using the EzBioCloud server revealed highest similarities to members of the family Eubacteriaceae. The strain was closely related to 'Irregularibacter muris' 2PG-426-CC4. (Fig. 1) . The stabilities of the tree were further confirmed in trees generated with the neighhour-joining and maximum-parsimony methods ( Figs  S3 and S4 ).
Besides the low levels of 16S rRNA gene sequence similarity with known members of the family Eubacteriaceae, strain GA15001 T could be distinguished from the closely related strains 'Irregularibacter muris' 2PG-426-CC4.2 T , Garciella nitratireducens DSM 15102
T and Alkalibacter [21] . Other data were from this study. +, positive; -, negative; (+), weakly positive; ND, not determined. Acid production from:
Glutamic acid decarboxylase saccharofermentans Z-78920 T by several physiological characteristics, such as temperature and pH range for growth, utilization of substrates, DNA G+C content, polar lipids and major fatty acids. Based on the differential characteristics (Table 1, Fig. 1 ), strain SYSU GA15001
T merits recognition as a member of a novel species of a new genus within the family Eubacteriaceae, for which the name Rhabdanaerobium thermarum gen. nov., sp. nov. is proposed.
DESCRIPTION OF RHABDANAEROBIUM GEN. NOV.
Rhabdanaerobium (Rhabd.an.ae.ro¢bi.um. Gr. fem. n. rhabdos rod; Gr. pref. an not; Gr. n. aer air; Gr. n. bios life; N.L. neut. n. Rhabdanaerobium an anaerobic rod-shaped life form).
Cells are rods with a Gram-positive-type cell wall. Terminal spores and flagellum are formed. Negative for oxidase and catalase. The major polar lipids are diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol. The major fatty acids (>10 %) are C 14 : 0 FAME, anteiso-C 15 : 0 FAME and C 18 : 0 FAME. The type species is Rhabdanaerobium thermarum.
DESCRIPTION OF RHABDANAEROBIUM THERMARUM SP. NOV.
Rhabdanaerobium thermarum (ther.ma¢rum. L. gen. pl. n. thermarum of hot springs).
Growth occurs at 25-55 C (optimum range, 45 C), at pH 6-8 (optimum pH, 7) and in the presence of 0.5-5.0 % (w/ v) NaCl (optimum concentration, 1.5 %). Resistant to novobiocin and streptomycin, but sensitive to amikacin, chloramphenicol, ciprofloxacin, kanamycin, netilmicin, penicillin G, polymyxin B, tetracycline, tobramycin and vancomycin. Utilizes D-arabinose, dulcitol, D-galactose, glucose, lactose, maltose, D-mannose, raffinose, L-rhamnose, D-sorbitol and xylitol as sole carbon sources, but not sorbinose or trehalose. Utilizes L-alanine, L-arginine, glycine, L-isoleucine, L-leucine, DL-methionine, NH 4 Cl, L-proline and L-threonine as sole nitrogen sources, but not L-cystine or L-lysine. Additionally, utilizes complex substrates such as beef extract, peptone, starch and yeast extract as sole energy source. In the API 20A system, positive for hydrolysis of gelatin and acid production from trehalose, but negative for hydrolysis of aesculin, indole production, urease and acid production from other saccharides. In assays using the Rapid ID 32A system, activities of alanine arylamidase, arginine arylamidase, leucine arylamidase and phenylalanine arylamidase are present, while other enzyme activities are absent. The polar lipid profile consists of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylinositol, an unidentified polar lipid, two unidentified phospholipids and glycolipid.
The type strain, SYSU GA15001 T (=CGMCC 1.5219 T =KCTC 15623 T ), was isolated from a hot spring located in Tengchong county, Yunnan province, south-west China. The G+C content of the type strain is 35.6 mol%.
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